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(2) Solid polymer electrolyte composition. 



(57) Disclosed herein is solid polymer electrolyte 
composition comprising solid polymer electro- 
lyte and at least one metal catalyst selected 
from the group consisting of platinum, gold, 
. palladium, rhodium, iridium and ruthenium 
contained in the said solid polymer electrolyte. 
The said composition may further contain a 
metal oxide. The membrane made of the 
composition possesses the abilities of produc- 
ing water by itself and of retaining the water so 
that the ionic conductivity and the effect of 
depressing the crossover is excellent. Accord- 
ingly, the cell employing the membrane posses- 
ses superior cell performance. 
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Background of the Invention 

This invention relates to solid polymer electrolyte 
composition excellent in ionic conductivity and the ef- 
fect of depressing crossover. 5 

As conventional solid polymer electrolyte, such 
cation exchange resin as perfluorocarbon sulphonic 
acid, polysulphone, perfluorocarboxylic acid, styr- . 
ene-vinyl benzene sulphonic acid and such anion ex- 
change resin as styrene-butadiene based resin are 10 
known. Especially, the perfluorocarbon sulphonic 
acid is fluorinated resin developed by Du Pont which 
is known as Naf ion (tradename). The Nafion which 
may function as solid polymer electrolyte is attracting 
attention because of its excellent chemical stability is 
and thermal stability. The Nafion is basically a copo- 
lymer of tetrafluoroethylene and perfluorovinylether 
having a sulphonic group. 

Among the above solid polymer electrolytes, the 
granular electrolyte is packed in a column and em- 20 
ployed for the manufacture of pure water and the like. 
The solid polymer electrolyte molded to a thin film is 
employed as an ion exchange membrane of various 
electrochemical cells. 

The solid polymer electrolyte electrochemical cell 25 
converts chemical energy into electric energy. In 
case of a fuel cell, for example, such a fuel as a hy- 
drogen gas and methanol and such an oxidant as an 
oxygen gas and hydrogen peroxide are supplied to an 
anode and a cathode, respectively, and a current pro- 30 
duced in an electron transfer reaction on the anode 
or the cathode flows in the solid polymer electrolyte 
membrane (ion exchange membrane). The flow of the 
current is produced by the movement of a cation from 
the anode to the cathode and of a cation from the 35 
cathode to the anode. The movement of the ions is 
said to occur by the presence of water in a three- 
dimensional network layer formed by the ion ex- 
change groups. If, however, the solid polymer electro- 
lyte membrane is dried, the electric resistance of the 40 
membrane, in other words, the specific resistance is 
increased to remarkably lower the ionic conductivity. 
Since, accordingly, the specific resistance becomes 
small with the wetting of the membrane, the lowering 
of the specific resistance decreases the energy loss 45 
when a current flows in the solid polymer electrolyte 
membrane to provide a solid polymer electrolyte fuel 
cell with high performance. The solid polymer electro- 
lyte membrane sufficiently humidified can prevent 
the leakage of a hydrogen gas supplied to the anode $0 
and an oxygen gas supplied to the cathode passing 
through the solid polymer electrolyte membrane as 
they are, in other words, can prevent the crossover. 

In order to elevate the ionic conductivity of the 
solid polymer electrolyte membrane by preventing the 55 
drying of the said membrane and by depressing the 
crossover, the humidity control for sufficiently humid- 
ifying the membrane is important 



For achieving this humidity control, an indirect 
method in which the membrane is indirectly humidi- 
fied by a hydrogen gas supplied to the anode which 
has been saturated with steam, and a direct method 
in which the membrane is directly humidified through 
the hygroscopic twisted fibers being sandwiched in 
between the membranes have been conventionally 
proposed. 

However, the indirect method has the drawback 
that the performance may be lowered because the 
sufficient control of the steam pressure which 
changes following the change of the load of the elec- 
trochemical cell cannot be conducted so that the 
membrane is liable to be dried or the catalyst layer is 
excessively humidified: Since a large amount of the 
stream is supplied to the hydrogen gas so that the hy- 
drogen gas is diluted and its partial pressure is de- 
creased, the pressurized operation is required and 
the diffusion of the hydrogen gas in the electrode cat- 
alyst is prevented to disadvantageouslylower the cell 
performance. As a measure of overcoming this disad- 
vantage, it is proposed to make the membrane thick- 
ness thinner to lower the specific resistance of the 
membrane itself so as to decrease the amount of hu- 
midification. When, however, the membrane thick- 
ness is made thinner, the above crossover is likely to 
occur to disadvantageously lower its cell voltage. 

Although, on the other hand, in the direct humid- 
if ication method, the humidif ication can be achieved 
in the sandwich structure employing the twisted fib- 
ers which are sandwiched in between the solid poly- 
mer electrolyte membranes, the total membrane 
thickness is increased by the thickness of the fibers 
to lower the ionic conductivity so that the said ap- 
proach hardly becomes a fundamental solution. 

Accordingly, the conventional humidity control is 
accompanied with several drawbacks and is not sat- 
isfactory. 

Summary of the Invention 

The present invention has been made to over- 
come the above drawbacks. 

Accordingly, an object of the present invention is 
to provide solid polymer electrolyte composition 
which may be employed in an electrochemical cell. 

Another object of the invention is to provide solid 
polymer electrolyte composition which may improve 
the ionic conductivity of the electrochemical cell by 
decreasing the specific resistance of the ion ex- 
change membrane. 

A further object of the invention is to provide solid 
polymer electrolyte composition which may have an 
excellent function of preventing the crossover. 

. A first invention relates to improved solid polymer 
electrolyte which may be employed, for example, as 
a membrane of a solid polymer electrolyte fuel cell 
and is excellent in ion conductivity and in the effect 



<EP 0631337A2J_> 



3 



EP 0 631 337 A2 



4 



of depressing the crossover which may be produced 
by means of the ability of forming water by itself. The 
solid polymer electrolyte composition comprises solid 
polymer electrolyte selected from cation exchange 
resin such as perfluorocarbon sulphonic acid, poly- 
sulphone, perfluorocarboxytic acid, styrene-vinyl 
benzene sulphonic acid and anion exchange resin 
such as styrene-butadiene, and 0.01 to 80 % in weight 
of at least one metal catalyst selected from platinum, 
gold, palladium, rhodium, iridium and ruthenium 
based on the weight of the solid polymer electrolyte 
contained in the solid polymer electrolyte. 

A second invention relates to further improved 
solid polymer electrolyte which may be employed, for 
example, as a membrane of a solid polymer electro- 
lyte fuel cell and is excellent in ion conductivity and 
in the effect of depressing the crossover which may 
be produced by the ability of holding water in addition 
of forming water by itself. The solid polymer electro- 
lyte composition comprises solid polymer electrolyte 
selected from the cation exchange resin and the 
anion exchange resin, 0.01 to 80 % in weight of at 
least one metal catalyst selected from platinum, gold, 
palladium, rhodium, iridium and ruthenium based on 
the weight of the solid polymer electrolyte, and 0.01 
to 50 % in weight of particles and/or fibers of at least 
one metal oxide based on the weight of the solid poly- 
mer electrolyte contained in the solid polymer electro- 
lyte. The metal oxide contained in the solid polymer 
electrolyte includes silica (Si0 2 ), titania (TiOa), alumi- 
na (Al 2 0 3 ), zirconia (Zr 2 0 3 ), magnesia (MgO) and 
stannic oxide (Sn0 2 ), and among them the silica and 
the titania are desirably employed. 

As a result of various investigations concerning 
the improvement of the solid polymer electrolyte ex- 
cellent in the ionic conductivity and the crossover de- 
pressing effect, the present inventors have found that 
the above solid polymer electrolyte composition com- 
prising the ion exchange resin and the metal catalyst 
has the ability of forming water by itself which im- 
proves the ionic conductivity by humidifying the solid 
polymer electrolyte and depress the crossover. 

When the membrane is molded by the solid poly- 
mer electrolyte composition comprising the solid 
polymer electrolyte and the catalyst metal contained 
therein and is employed as the solid polymer electro- 
lyte membrane (ion exchange membrane) of the solid 
polymer electrolyte electrochemical cell, a hydrogen 
gas or methanol and an oxygen gas or hydrogen per- 
oxide react with each other in the above membrane 
to form water. In this manner, the solid polymer elec- 
trolyte membrane made by the composition of the 
present invention can humidify the said membrane by 
forming water by itself inversely utilizing the hydrogen 
gas and the oxygen gas in the crossover condition. 
Since the humidif ication from the outside can be re- 
duced or omitted in the above situation, the lowering 
of the cell performance due to the humidif ication from 



the outside can be depressed and the non-humidifi- 
cation operation can be conducted. Since such a fuel 
as a hydrogen gas and such an oxidant as an oxygen 
gas never flow to the respective countereiectrodes by 
5 the depression of the crossover, the lowering of the 
cell voltage can be prevented and the ionic conduc- 
tivity can be improved by making the membrane 
thickness thinner to decrease the specific resistance 
of the solid polymer electrolyte membrane itself. 
10 When 0.01 to 50 % in weight of the particles 

and/or the fibers of such a metal oxide as the silica 
and the titania based on the weight of the solid poly- 
mer electrolyte are incorporated in the solid polymer 
electrolyte containing the metal catalyst, the ability of 
is retaining the water produced in the solid polymer 
electrolyte is elevated. Since, in this manner, the wa- 
ter produced is effectively retained, the drying of the 
membrane is depressed, the ionic conductivity is fur- 
ther improved and the effect of depressing the cross- 
20 over is further elevated. 

When the above solid polymer electrolyte compo- 
sition is employed as the solid polymer electrolyte 
membrane (ion exchange membrane) of a solid poly- 
mer electrolyte electrochemical cell such as a fuel 
25 cell, the membrane may possess not only the ability 
of forming water by itself but also the ability of retain- 
ing the water so that the solid polymer electrolyte 
electrochemical cell having the excellent perfor- 
mance and the following effects can be obtained. 
30 <3) Since the membrane has the abilities of form- 

ing water by itself and of retaining the water, an 
amount of humidity supplied from the outside 
may be reduced. In this manner, the lowering of 
the cell performance due to the supply of the 
35 large amount of the humidity can be depressed. 

© Since the operation temperature can be made 
lower because of the reduction of the amount of 
the humidity from the outside, the efficiency of 
producing the output electricity can be increased 
40 and the period of the startup at the initial opera- 

tion may be reduced. 

<D If a small amount of a fuel gas or liquid and an 
oxidative gas or liquid are supplied to the solid 
polymer electrolyte membrane at the time of op- 

45 eration suspension, the metal catalyst of the 

membrane produces water which is retained in 
the metal oxide such as silica and titania. Since, 
in this manner, the solid polymer electrolyte 
membrane is never dried, the prompt rising of the 

so current density at the time of initial operation can 

be achieved. 

@ Since the solid polymer electrolyte membrane 
possesses the abilities of forming water by itself 
and of retaining the water, the operation under 
55 non-humidification can be conducted. 

(§) Since the crossover is depressed, the fuel gas 
or liquid and the oxidative gas or liquid do not flow 
to the respective countereiectrodes so that the 
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lowering of the cell voltage can be prevented. 
® Since the crossover is depressed, the thick- 
ness of the membrane may be made thinner to re- 
duce the resistance of the membrane so that the 
ionic conduction can be accelerated. 

Brief Description of the Drawings 

Fig.1 is a perspective view showing a solid poly- 
mer electrolyte electrochemical cell which may 
include solid polymer electrolyte of the present in- 
vention; 

Fig.2 is a sectional view of a solid polymer elec- 
trolyte electrochemical cell assembled as a sin- 
gle cell having a sea! structure; 
Fig.3 is a diagram comparing the respective re- 
sistance values among Cell A (membrane made 
by composition of Naf ion incorporating platinum 
was employed), Cell B (membrane made by com- 
position of Naf ion incorporating platinum and sil- 
ica was employed), Cell C (membrane made by 
composition of Naf ion incorporating platinum and 
titania was employed) and Cell D (membrane 
made by composition of only Nafion was em- 
ployed). 

Fig.4 is a diagram showing comparison of current 
densities including IR at 650 °C of the respective 
Cells under humidified and non-humidified oper- 
ations. 

Fig.5 is a graph showing relation between current 
densities and operation times at humidification 
temperatures of 80 °C and 40 °C of the respective 
Cells. 

Detailed Description of the Invention 

As mentioned, the content of the metal catalyst 
contained in the solid polymer electrolyte in a highly 
dispersed state is 0.01 to 80 % in weight, and prefer- 
ably 0.1 to 15 % in weight of the weight of the solid 
polymer electrolyte. The average particle size of the 
metal catalyst is not more than 0.1 (im, and preferably 
not more than 0.01 jim. This is because the effect of 
depressing the crossover is elevated when the dis- 
persion of the metal catalyst in the electrolyte is in- 
creased with the decrease of the average particle di- 
ameter, and further an amount of the catalyst con- 
tained may be reduced. 

The particles of the metal oxide contained in the 
electrolyte in the highly dispersed state may have an 
amorphous crystalline structure, and their average 
primary particle diameter is not more than 0.1 \xm, 
and desirably not more than 0.01 urn. The metal oxide 
preferably possesses high purity and a high specific 
surface area (not less than 130 rr^/g measured in ac- 
cordance with the BET method). The diameter of the 
fibers is preferably not more than 5 urn. This is be- 
cause in case of the particles having the average pri- 
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mary particle diameter of more than 0.1 \xm and/or the 
fibers having the diameter of more than 5 fim, the ef- 
fect of lowering the specific resistance of the solid 
polymer electrolyte composition is small and imprac- 
5 tical. As mentioned, the content thereof is 0.01 to 50 
% in weight based on the weight of the solid polymer 
electrolyte, and preferably 0.1 to 20 %. This is be- 
cause the effect of improving the specific resistance 
is not recognized in the range of below 0.01 % in 
w weight and over 50 % in weight. 

In order to incorporate the particles and/or the fib- 
ers of such a metal oxide as silica and titania in the 
solid polymer electrolyte, the particles and/or the fib- 
ers of the metal oxide and the solid polymer electro- 
ns lyte are desirably mixed in the respective suspended 
or dissolved state in a hydrophilic solvent such as me- 
thanol, ethanol, isopropanol and butanol because the 
specific resistance of the ion exchange membrane is 
made smaller. The reason thereof is supposed that 
20 the particles and/or the fibers of the incorporated ox- 
ides may be contained near the cluster structure 
formed by the ion exchange groups (hydrophilic) of 
the solid polymer electrolyte by employing the hydro- 
philic solvent 

25 Such cation exchange resin as perfluorocarbon 

sulphonic acid, polysulphone, perfluorocarboxylic 
acid, styrene-vinyl benzene sulphonic acid and such 
anion exchange resin as styrene- butadiene based 
resin may be employed as the solid polymer electro- 

30 lyte incorporating the particles and/or the fibers of the 
metal catalyst and the metal oxide. Especially, the 
perfluorocarbon sulfonic acid (Nafion) is suitable be- 
cause it has superior chemical resistance and thermal 
stability. 

35 Then, examples of the manufacture of the solid 

polymer electrolyte composition of the present inven- 
tion and of the manufacture of a membrane when the 
composition of the present invention is employed as 
a solid polymer electrolyte membrane (ion exchange 

40 membrane) of a solid polymer electrolyte electro- 
chemical cell will be described. 

(A) In case that only metal catalyst is incorporated. 

45 After the above 5 % in weight isopropanol solu- 

tion of the solid polymer electrolyte is flown into a 
membrane molding vessel and dried at an ordinary 
temperature, it is vacuum dried at 60 °C for removing 
the isopropanol so that the membrane is molded. Af- 

so ter the solid polymer electrolyte is dipped in distilled 
water containing a platinum-ammine complex of 
which an amount is 20 times a theoretical amount as- 
suming that two moles of the ion exchange group in 
the solid polymer electrolyte are replaced with one 

55 mole of the platinum complex followed by agitation at 
60 °C for five hours, the platinum complex is replaced 
with the ion exchange group and adsorbed on the sol- 
id polymer electrolyte containing silica. After the 

4 



7 



EP 0 631 337 A2 



8 



membrane is washed with distilled water for over four 
hours, it is dipped in distilled water containing 20 
times equivalence of hydrazine followed by agitation 
at 60 °C for five hours to deposit the platinum partic- 
les on the solid polymer electrolyte containing the sil- 
ica. Then, after the ion exchange group is protonized 
by means of treatment with 4 molar concentration hy- 
drochloric acid, the membrane is sufficiently washed 
and dried. 

In this manner, the solid polymer electrolyte 
membrane comprising the solid polymer electrolyte 
and the metal catalyst highly dispersed therein can be 
prepared. 

(B) In case that metal catalyst and metal oxide are 
incorporated. 

At first, the above 5 % in weight isopropanol sol- 
ution of the solid polymer electrolyte and isopropanol 
dispersion of particles and/or fibers of 0.01 to 50 % 
in weight of a metal oxide [for example, silica having 
an average primary particle size of 0.007 vim sold by 
Nippon Aerosil K.K.(tradename: Aerosil 380) and tita- 
nia having an average primary particle size of 0.005 
urn prepared by hydrolysis of a titanium compound 
(chemical formula: Ti[OCH(CH 3 ) 3 ]) may be employed] 
based on the weight of the solid polymer electrolyte 
(concentration: 5 g/liter) are mixed and sufficiently 
agitated with an ultrasonic homogenizes After this 
solution is flown into a membrane molding vessel and 
dried at an ordinary temperature, it is vacuum dried 
at 60 °C for removing the isopropanol so that the 
membrane is molded. Alternatively, the membrane 
may be prepared by means of extrusion molding or 
screen printing. 

As an alternative example of the incorporation of 
the particles and/or the fibers in the solid polymer 
electrolyte, the particles and/or the fibers may be di- 
rectly applied to the surface of the solid polymer elec- 
trolyte membrane already molded and then the par- 
ticles and the tike are embedded in the surface layer 
by means of treatment at a high temperature and a 
high pressure such as hotpressing. In this case, the 
content of the particles and/or the fibers in the sur- 
face layer of the solid polymer electrolyte membrane 
is controlled to be 0.01 to 50 % in weight 

Then, a method of incorporating platinum partic- 
les as the metal catalyst in the solid polymer electro- 
lyte membrane containing the metal oxide thus pre- 
pared will be described. 

After the solid polymer electrolyte membrane 
containing the metal oxide is dipped in distilled water 
containing a platinum-ammine complex of which an 
amount is 20 times a theoretical amount assuming 
that two moles of the ion exchange group in the solid 
polymer electrolyte are replaced with one mole of the 
platinum complex followed by agitation at 60 °C for 
five hours, the platinum complex is replaced with the 



ion exchange group and adsorbed on the membrane. 
After the membrane is washed with distilled water for 
over four hours, it is dipped in distilled water contain- 
ing 20 times equivalence of hydrazine followed by agi- 

5 tation at 60 °C for five hours to deposit the platinum 
particles on the solid polymer electrolyte containing 
the metal oxide. Then, after the ion exchange group 
is protonized by means of treatment with 4 molar con- 
centration hydrochloric acid, the membrane is suff i- 

10 ciently washed and dried. 

In this manner, the solid polymer electrolyte 
membrane comprising the solid polymer electrolyte 
and the metal catalyst and the metal oxide highly dis- 
persed therein can be prepared. Alternatively, after 

15 the metal catalyst such as platinum is supported on 
the metal oxide, the said metal oxide may be can be 
incorporated in the solid polymer electrolyte in accor- 
dance with the above procedures. 

As mentioned, since the solid polymer electrolyte 

20 composition of the present invention possesses the 
abilities of forming water by itself and of retaining the 
water so that the ionic conductivity and the effect of 
depressing the crossover is excellent, the composi- 
tion is useful as an ion exchange membrane for such 

25 an electrochemical cell as an oxygen sensor employ- 
ing an ion exchange membrane, a water electrolyzing 
cell and an apparatus for synthesizing acetaldehyde 
employing an ion exchange membrane in addition as 
the solid polymer electrolyte fuel cell. When the com- 

30 position is employed as the solid polymer electrolyte 
layer of the electrochemical cell comprising an anode, 
the solid polymer electrolyte layer and a cathode, the 
composition is preferably molded to a thin membrane 
layer having a thickness of 0.03 to 2 mm, more pre- 

35 ferably 0.05 to 0.1 mm. 

Examples 

Although Examples of solid polymer electrolyte 
40 composition of the present invention will be descri- 
bed, these Examples do not restrict the present in- 
vention. 

Example 1 

45 

In order to investigate the effect of the incorpor- 
ation of a catalyst metal, silica and titania in solid poly- 
mer electrolyte composition, a solid polymer electro- 
lyte fuel cell was prepared by employing the mem- 

50 brane made by the composition of the present inven- 
tion as a solid polymer electrolyte membrane and a 
performance test was conducted under a humidified 
condition and a non-humidified condition. Figs.1 and 
2 show the structure of the solid polymer electrolyte 

55 fuel cell prepared, and 1 denotes a solid polymer elec- 
trolyte membrane (ion exchange membrane), 2 is a 
cathode catalyst layer. 3 is an anode catalyst layer. 4 
is a cathode current collector having supply paths 5 
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of oxygen, 6 is an anode current collector having sup- 
ply paths 7 of hydrogen and 8 is sealing members. 

The following three membranes were individually 
prepared and the thickness of all the membrane was 
adjusted to be 60 uin. The cathode catalyst layer 2, 
the anode catalyst layer 3, the cathode current collec- 
tor 4 having supply paths 5 of oxygen, the anode cur- 
rent collector 6 having supply paths 7 of hydrogen and 
the sealing members 8 were employed in common in 
the three membranes. 

(D Cell A .... The solid polymer electrolyte mem- 
brane incorporating the platinum in the IMafion 
which was prepared in accordance with the 
above method of manufacturing the membrane 
(A) was employed. The platinum content in this 
membrane was adjusted to be 5.8 % in weight 
based on the Naf ion. 

® Cell B .... The solid polymer electrolyte mem- 
brane incorporating the platinum and the silica in 
the Nafion which was prepared in accordance 
with the above method of manufacturing the 
membrane (B) was employed. The platinum cat- 
alyst content and the silica content in this mem- 
brane were adjusted to be 5.8 % and 5 % in 
weight, respectively, based on the Nafion. 
(3) Cell C ... The solid polymer electrolyte mem- 
brane incorporating the platinum and the titania 
in the Nafion which was prepared in accordance 
with the above method of manufacturing the 
membrane (B) was employed. The platinum cat- 
alyst content and the titania content in this mem- 
brane were adjusted to be 5.8 % and 5 % in 
weight, respectively, based on the Nafion. 
@ Cell D .... The solid polymer electrolyte mem- 
brane composed of only Nafion was employed as 
Comparative Example. 

The operation conditions of the Cells were as fol- 
lows. 

Reaction Gas.... hydrogen (anode), oxygen 
(cathode) 

Cell Operation Temperature... 80 °C 
Cell Operation Pressure... atmospheric pres- 
sure 

Other Condition... under humidification (indir- 
ect humidif ication employing an anode gas previous- 
ly humidified at 80 °C) or under non-humidif ication 

The respective resistance values of the Cells A, 
B, C and 0 were measured and the results are shown 
in Fig. 3. The current densities including IR at a cell 
voltage of 650 mV of the respective Cells under hu- 
midified and non-humidified conditions were also 
measured and the results are shown in Fig. 4. 

It is apparent from the results shown in Fig.3 that 
the resistance values of the respective Cells under 
the humidification were nearly the same, and while 
the value of the Cell D in the non-humidif ication was 
32.3 ncm, the other Cells in the non-humidif ication 
exhibited an apparently lower values, that is, 0.19 
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Ocm for the Cells A and B and 0.15 Clem for the Cell 
C. These lower resistance values are supposed to be 
obtained by water forced by a crossover hydrogen 
gas and a crossover oxygen gas flown to the solid 
5 polymer electrolyte membrane. 

It can be seen from the results of Fig.4 that under 
the humidified operation the sufficient performance 
could be obtained in Cell O. 

On the other hand, under the non-humidified op- 
to eration, the Cell D became inoperative with the cell 
voltage of -1 V after a small amount of current of 6 
mA/cm 2 was supplied. However, the Cells A, B and C 
exhibited the current densities of 105 mA/cm 2 , 381 
mA/cm 2 and 450 mA/cm 2 , respectively. Especially, 
15 the high current densities of the Cells B and C suggest 
that the water was formed by the crossover hydrogen 
gas and the crossover oxygen gas to the solid poly- 
mer electrolyte membrane by means of the platinum 
in the membrane and prevented the drying of the 
20 membrane by retaining the water by means of the sil- 
ica and the titania. 

The above results suggest the possibility of the 
non-humidified operations of the Cells A, B and C 
though the current densities of the Cells A, B and C 
25 under the non-humidified operation were smaller 
than those of the humidified operation. 

Example 2 

30 The relation between the current density and the 

operation time at humidification temperatures at 80 
°C and 40 °C was investigated employing the respec- 
tive Cells A, B, C and D prepared in Example 1, and 
the results are shown in Fig. 5. In advance of the in- 

35 vestigation, the solid polymer electrolyte membrane 
was forcibly dried by passing a dry gas through the 
Cells. This drying was conducted for more apparently 
investigate the effect of the incorporation of the metal 
catalyst, or of the metal catalyst and the silica, or of 

40 the metal catalyst and the titania in the solid polymer 
electrolyte membrane. The operation was conducted 
at the same temperature as that of the humidification, 
and the measurement of the current density was ini- 
tiated at the time of the heating of a humidification 

45 pot. 

It can be seen from the results shown in Fig. 5 that 
the Cells A, B, C and D possessed the substantially 
same characteristic curves under the humidification 
at 80 °C, however in the beginning, more prompt ris- 

50 ing of the curves of the Cells A, B and C compared 
with that of the Cell D was observed. It is considered 
that even when the temperature of the humidification 
pot producing the humidification steam was low so 
that the humidification of the hydrogen gas was insuf- 

55 ficient, the ionic conductivity was raised by humidify- 
ing the inside of the solid polymer electrolyte mem- 
brane for the Cells A, B and C. 

On the other hand, under the humidification at 40 

6 
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°C, while the Cefl D could take out only a quite small 
amount of the current density, the Cells A, B and C 
could take out the current densities as substantially 
the same as those under the humidif ication at 80 °C 
though the rising slopes of the Cells A, B and C tended 
to be more gradual than those under the humidifica- 
tion at 80 °C. 

Employing the membrane composed of the solid 
polymer electrolyte composition of this Example as 
the solid polymer electrolyte membrane of the solid 
polymer electrolyte fuel cell, the substantially same 
current density can be obtained even at a lower hu- 
midif ication temperature or an operation temperature 
so that the startup time can be reduced because the 
efficiency of producing the output electricity raises 
and heating time required to heat the humidif ication 
pot and the cell to the operation temperature can be 
reduced. 

Although in this investigation the solid polymer 
electrolyte membrane was forcibly dried by passing 
the dry gas through the respective Cells prior to the 
investigation for apparently investigating the effect of 
incorporating the metal catalyst or the metal catalyst 
and the silica or the metal catalyst and the titania in 
the membrane, small amounts of a hydrogen gas and 
an oxygen gas, in the actual operation, may be flown 
to the membrane at the time of the suspension of the 
operation. Since, in this manner, water is produced by 
means of the metal catalyst in the membrane and the 
membrane is never dried even at the suspension of 
the operation, the more rapid rising of the current den- 
sity at the initial operation can be obtained. 



Claims 

1 . Solid polymer electrolyte composition comprising 
solid polymer electrolyte selected from cation ex- 
change resin and anion exchange resin, and 0.01 
to 80 % in weight of at least one metal catalyst se- 
lected from the group consisting of platinum, 
gold, palladium, rhodium, iridium and ruthenium 
based on the weight of the solid polymer electro- 
lyte contaired in the said solid polymer electro- 
lyte. 

2. Solid polymer electrolyte composition comprising 
solid polymer electrolyte selected from cation ex- 
change resin and anion exchange resin, 0.01 to 
80 % in weight of at least one metal catalyst se- 
lected from the group consisting of platinum, 
gold, palladium, rhodium, iridium and ruthenium 
based on the weight of the solid polymer electro- 
lyte contained in the said solid polymer electro- 
lyte, and 0.01 to 50 % weight of particles and/or 
fibers of one or more metal oxides contained in 
the solid polymer electrolyte. 



3. Solid polymer electrolyte composition as claimed 
in Claim 2, wherein the metal oxide is one oxide 
selected from silica, titania, alumina, zirconia, 
magnesia and stannic oxide. 

5 

4. Solid polymer electrolyte composition as claimed 
in Claim 2, wherein the metal oxide is silica or ti- 
tania. 

10 5. Solid polymer electrolyte composition as claimed 
in Claim 2, wherein the cation exchange resin is 
selected from perfluorocarbon sulphonic acid, 
polysulphone, perfluorocarboxylic acid, styrene- 
vinyl benzene sulphonic acid. 

15 

6. Solid polymer electrolyte composition as claimed 
in Claim 2, wherein the anion exchange resin is 
styrene-butadiene based anion exchange resin. 

20 7. Solid polymer electrolyte composition as claimed 
in Claim 2, wherein the average particle size of 
the metal oxide is not more than 0.1 ^m. 

8. Solid polymer electrolyte composition as claimed 
25 in Claim 2, wherein the average primary particle 

size of the particles of the metal oxide is not more 
than 0. 1 i*m, and the diameter of the fibers of the 
metal oxide is not more than 6 urn. 

30 9. A solid polymer electrolyte fuel cell comprising a 
cathode current collector, a cathode catalyst lay- 
er, a solid polymer electrolyte membrane, an 
anode catalyst layer and an anode current collec- 
tor piled in this turn in which an oxidative gas or 

35 liquid is supplied to the cathode catalyst layer and 

a fuel gas or liquid is supplied to the anode cata- 
lyst layer characterized in that solid polymer elec- 
trolyte composition comprising solid polymer 
electrolyte selected from cation exchange resin 

40 and anion exchange resin, and 0.01 to 80 % in 

weight of at least one metal catalyst selected 
from the group consisting of platinum, gold, pal- 
ladium, rhodium, iridium and ruthenium based on 
the weight of the solid polymer electrolyte con- 

45 tained in the said solid polymer electrolyte is em- 

ployed as the above solid polymer electrolyte 
membrane. 

10. A solid polymer electrolyte fuel cell comprising a 
so cathode current collector, a cathode catalyst lay- 

er, a solid polymer electrolyte membrane, an 
anode catalyst layer and an anode current collec- 
tor piled in this turn in which an oxidative gas or 
liquid is supplied to the cathode catalyst layer and 
55 a fuel gas or liquid is supplied to the anode cata- 

lyst layer characterized in that solid polymer elec- 
trolyte composition comprising solid polymer 
electrolyte selected from cation exchange resin 
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and anion exchange resin, 0.01 to 80 % in weight 
of at least one metal catalyst selected from the 
group consisting of platinum, gold, palladium, 
rhodium, iridium and ruthenium based on the 
weight of the solid polymer electrolyte, and 0.01 5 
to 50 % in weight of particulate silica and/or fab- 
ulous silica fibers based on the weight of the solid 
polymer electrolyte contained in the said solid 
polymer electrolyte is employed as the above sol- 
id polymer electrolyte membrane. 10 
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(57) Disclosed herein is solid polymer electrolyte 
composition comprising solid polymer electro- 
lyte (1) and at least one metal catalyst selected 
from the group consisting of platinum, gold, 
palladium, rhodium, iridium and ruthenium 
contained in the said solid polymer electrolyte. 
The said composition may further contain a 
metal oxide. The membrane made of the 
composition possesses the abilities of produc- 
ing water by itself and of retaining the water so 
that the ionic conductivity and the effect of 
depressing the crossover is excellent. Accord- 
ingly, the cell employing the membrane posses- 
ses superior cell performance. 
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